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　In recent years, detection and recognition of faces and human bodies have attracted attention as 
to the security system in the security field. If it can be used for early detection of a specific individual 
by using it for entry/exit management systems and in terrorism countermeasures at airports, it can 
be expected to prevent crime beforehand. Therefore, we focused on face detection in this research. 
However, with images taken by security camera, there are cases in which the subject to be detected 
from the image is not easily identifiable due to various severe photographing conditions. In this 
research, Images taken under “severe photographing conditions” can be roughly broken down to dark 
images, images with variant background illumination, backlit images, halation images, and flare/ghost 
images. This image classification is used generally throughout the field of camera photography. 
Conventionally, there is a contrast adjustment as a method for clarifying a detection subjects from an 
image of severe photographing conditions. However, there are cases where images cannot be 
properly enhanced by contrast adjustment, and there are many cases where faces cannot be 
detected. Therefore, this research proposes an image enhancement method using stochastic 
resonance (SR) as a method to clarify the detection target from images with severe photographing 
conditions. The effectiveness of this method is clarified.
　Chapter 1 describes the outline of this research and the conventional research in the introduction.
　Chapter 2 describes the principle of the SR methodology and the experiment of the proposed 
method. SR amplifies the amplitude of the signal by adding appropriate Gaussian white noise to the 
original minute time series signal. This is a phenomenon that detects the hidden signal by increasing 
the probability that the peak exceeds the threshold at the peak. That is, it is intended to detect 
hidden information by adding noise. The proposed method is an image enhancement method using 
SR. Effectiveness is clarified from experiments by face detection. The Lamsal’s face detector is used 
for the experiment. In this chapter, noise and threshold are manually adjusted.
　Chapter 3 describes auto-tuning of the proposed method described in the previous chapter. In SR, 
the noise and threshold to be added are important. However, the difficulty of manual tuning was 
shown from the experiment in the previous chapter. Therefore, this chapter proposes a method of 
auto-tuning SR. In this method, the mean and median are calculated after the original SR processing. 
If the mean and median satisfy the conditions, the SR processing is ended. The experiment uses the 
Lamsal’s face detector and the Viola Jones face detector in OpenCV. The effectiveness of the method 
is clarified.In addition, this chapter is experimenting with a human body detector as a detector other 
than a face. For the experiment, the detector of OpenCV was used. The effectiveness is clarified by 
comparing the proposed method and the contrast adjustment.
　Chapter 4 describes evaluation criteria for applying the proposed method to various things. By the 
third chapter, experiments using detectors showed the effectiveness of SR for image enhancement. 
However, objective evaluation criteria other than detectors are required for applications. Therefore, 
experiments using Perceptual Quality Metric (PQM) are carried out. PQM is an objective evaluation 
metric. PQM quantifies image quality. Evaluation is 1 to 10 levels, 10 is the highest quality. In the 
experiment, the results of PQM and face and human detector are compared and verified.
　Chapter 5 describes the conclusions, summarizes the study considerations and results. 
　In this study, the proposed method auto-tuning SR parameters using SR modified for image 
enhancement. This study demonstrated the effectiveness of experiments using face and human 
detectors, objective evaluation in PQM, and the methods. From the experimental results on images 
taken under severe photographing conditions, confirmed that the proposed SR parameter auto-tuning 
system is effective. Comparison with the contrast adjustment method showed that the proposed 
method can reduce face detection error. There was also an effect of improving the detection accuracy 
of the detector. The SR method may be applied to various fields using images. The proposed method 
is useful for image processing systems that rely on image enhancement.






































　In recent years, detection and recognition of faces and human bodies have attracted attention as 
to the security system in the security field. If it can be used for early detection of a specific individual 
by using it for entry/exit management systems and in terrorism countermeasures at airports, it can 
be expected to prevent crime beforehand. Therefore, we focused on face detection in this research. 
However, with images taken by security camera, there are cases in which the subject to be detected 
from the image is not easily identifiable due to various severe photographing conditions. In this 
research, Images taken under “severe photographing conditions” can be roughly broken down to dark 
images, images with variant background illumination, backlit images, halation images, and flare/ghost 
images. This image classification is used generally throughout the field of camera photography. 
Conventionally, there is a contrast adjustment as a method for clarifying a detection subjects from an 
image of severe photographing conditions. However, there are cases where images cannot be 
properly enhanced by contrast adjustment, and there are many cases where faces cannot be 
detected. Therefore, this research proposes an image enhancement method using stochastic 
resonance (SR) as a method to clarify the detection target from images with severe photographing 
conditions. The effectiveness of this method is clarified.
　Chapter 1 describes the outline of this research and the conventional research in the introduction.
　Chapter 2 describes the principle of the SR methodology and the experiment of the proposed 
method. SR amplifies the amplitude of the signal by adding appropriate Gaussian white noise to the 
original minute time series signal. This is a phenomenon that detects the hidden signal by increasing 
the probability that the peak exceeds the threshold at the peak. That is, it is intended to detect 
hidden information by adding noise. The proposed method is an image enhancement method using 
SR. Effectiveness is clarified from experiments by face detection. The Lamsal’s face detector is used 
for the experiment. In this chapter, noise and threshold are manually adjusted.
　Chapter 3 describes auto-tuning of the proposed method described in the previous chapter. In SR, 
the noise and threshold to be added are important. However, the difficulty of manual tuning was 
shown from the experiment in the previous chapter. Therefore, this chapter proposes a method of 
auto-tuning SR. In this method, the mean and median are calculated after the original SR processing. 
If the mean and median satisfy the conditions, the SR processing is ended. The experiment uses the 
Lamsal’s face detector and the Viola Jones face detector in OpenCV. The effectiveness of the method 
is clarified.In addition, this chapter is experimenting with a human body detector as a detector other 
than a face. For the experiment, the detector of OpenCV was used. The effectiveness is clarified by 
comparing the proposed method and the contrast adjustment.
　Chapter 4 describes evaluation criteria for applying the proposed method to various things. By the 
third chapter, experiments using detectors showed the effectiveness of SR for image enhancement. 
However, objective evaluation criteria other than detectors are required for applications. Therefore, 
experiments using Perceptual Quality Metric (PQM) are carried out. PQM is an objective evaluation 
metric. PQM quantifies image quality. Evaluation is 1 to 10 levels, 10 is the highest quality. In the 
experiment, the results of PQM and face and human detector are compared and verified.
　Chapter 5 describes the conclusions, summarizes the study considerations and results. 
　In this study, the proposed method auto-tuning SR parameters using SR modified for image 
enhancement. This study demonstrated the effectiveness of experiments using face and human 
detectors, objective evaluation in PQM, and the methods. From the experimental results on images 
taken under severe photographing conditions, confirmed that the proposed SR parameter auto-tuning 
system is effective. Comparison with the contrast adjustment method showed that the proposed 
method can reduce face detection error. There was also an effect of improving the detection accuracy 
of the detector. The SR method may be applied to various fields using images. The proposed method 
is useful for image processing systems that rely on image enhancement.
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　In recent years, detection and recognition of faces and human bodies have attracted attention as 
to the security system in the security field. If it can be used for early detection of a specific individual 
by using it for entry/exit management systems and in terrorism countermeasures at airports, it can 
be expected to prevent crime beforehand. Therefore, we focused on face detection in this research. 
However, with images taken by security camera, there are cases in which the subject to be detected 
from the image is not easily identifiable due to various severe photographing conditions. In this 
research, Images taken under “severe photographing conditions” can be roughly broken down to dark 
images, images with variant background illumination, backlit images, halation images, and flare/ghost 
images. This image classification is used generally throughout the field of camera photography. 
Conventionally, there is a contrast adjustment as a method for clarifying a detection subjects from an 
image of severe photographing conditions. However, there are cases where images cannot be 
properly enhanced by contrast adjustment, and there are many cases where faces cannot be 
detected. Therefore, this research proposes an image enhancement method using stochastic 
resonance (SR) as a method to clarify the detection target from images with severe photographing 
conditions. The effectiveness of this method is clarified.
　Chapter 1 describes the outline of this research and the conventional research in the introduction.
　Chapter 2 describes the principle of the SR methodology and the experiment of the proposed 
method. SR amplifies the amplitude of the signal by adding appropriate Gaussian white noise to the 
original minute time series signal. This is a phenomenon that detects the hidden signal by increasing 
the probability that the peak exceeds the threshold at the peak. That is, it is intended to detect 
hidden information by adding noise. The proposed method is an image enhancement method using 
SR. Effectiveness is clarified from experiments by face detection. The Lamsal’s face detector is used 
for the experiment. In this chapter, noise and threshold are manually adjusted.
　Chapter 3 describes auto-tuning of the proposed method described in the previous chapter. In SR, 
the noise and threshold to be added are important. However, the difficulty of manual tuning was 
shown from the experiment in the previous chapter. Therefore, this chapter proposes a method of 
auto-tuning SR. In this method, the mean and median are calculated after the original SR processing. 
If the mean and median satisfy the conditions, the SR processing is ended. The experiment uses the 
Lamsal’s face detector and the Viola Jones face detector in OpenCV. The effectiveness of the method 
is clarified.In addition, this chapter is experimenting with a human body detector as a detector other 
than a face. For the experiment, the detector of OpenCV was used. The effectiveness is clarified by 
comparing the proposed method and the contrast adjustment.
　Chapter 4 describes evaluation criteria for applying the proposed method to various things. By the 
third chapter, experiments using detectors showed the effectiveness of SR for image enhancement. 
However, objective evaluation criteria other than detectors are required for applications. Therefore, 
experiments using Perceptual Quality Metric (PQM) are carried out. PQM is an objective evaluation 
metric. PQM quantifies image quality. Evaluation is 1 to 10 levels, 10 is the highest quality. In the 
experiment, the results of PQM and face and human detector are compared and verified.
　Chapter 5 describes the conclusions, summarizes the study considerations and results. 
　In this study, the proposed method auto-tuning SR parameters using SR modified for image 
enhancement. This study demonstrated the effectiveness of experiments using face and human 
detectors, objective evaluation in PQM, and the methods. From the experimental results on images 
taken under severe photographing conditions, confirmed that the proposed SR parameter auto-tuning 
system is effective. Comparison with the contrast adjustment method showed that the proposed 
method can reduce face detection error. There was also an effect of improving the detection accuracy 
of the detector. The SR method may be applied to various fields using images. The proposed method 
is useful for image processing systems that rely on image enhancement.






































　In recent years, detection and recognition of faces and human bodies have attracted attention as 
to the security system in the security field. If it can be used for early detection of a specific individual 
by using it for entry/exit management systems and in terrorism countermeasures at airports, it can 
be expected to prevent crime beforehand. Therefore, we focused on face detection in this research. 
However, with images taken by security camera, there are cases in which the subject to be detected 
from the image is not easily identifiable due to various severe photographing conditions. In this 
research, Images taken under “severe photographing conditions” can be roughly broken down to dark 
images, images with variant background illumination, backlit images, halation images, and flare/ghost 
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Conventionally, there is a contrast adjustment as a method for clarifying a detection subjects from an 
image of severe photographing conditions. However, there are cases where images cannot be 
properly enhanced by contrast adjustment, and there are many cases where faces cannot be 
detected. Therefore, this research proposes an image enhancement method using stochastic 
resonance (SR) as a method to clarify the detection target from images with severe photographing 
conditions. The effectiveness of this method is clarified.
　Chapter 1 describes the outline of this research and the conventional research in the introduction.
　Chapter 2 describes the principle of the SR methodology and the experiment of the proposed 
method. SR amplifies the amplitude of the signal by adding appropriate Gaussian white noise to the 
original minute time series signal. This is a phenomenon that detects the hidden signal by increasing 
the probability that the peak exceeds the threshold at the peak. That is, it is intended to detect 
hidden information by adding noise. The proposed method is an image enhancement method using 
SR. Effectiveness is clarified from experiments by face detection. The Lamsal’s face detector is used 
for the experiment. In this chapter, noise and threshold are manually adjusted.
　Chapter 3 describes auto-tuning of the proposed method described in the previous chapter. In SR, 
the noise and threshold to be added are important. However, the difficulty of manual tuning was 
shown from the experiment in the previous chapter. Therefore, this chapter proposes a method of 
auto-tuning SR. In this method, the mean and median are calculated after the original SR processing. 
If the mean and median satisfy the conditions, the SR processing is ended. The experiment uses the 
Lamsal’s face detector and the Viola Jones face detector in OpenCV. The effectiveness of the method 
is clarified.In addition, this chapter is experimenting with a human body detector as a detector other 
than a face. For the experiment, the detector of OpenCV was used. The effectiveness is clarified by 
comparing the proposed method and the contrast adjustment.
　Chapter 4 describes evaluation criteria for applying the proposed method to various things. By the 
third chapter, experiments using detectors showed the effectiveness of SR for image enhancement. 
However, objective evaluation criteria other than detectors are required for applications. Therefore, 
experiments using Perceptual Quality Metric (PQM) are carried out. PQM is an objective evaluation 
metric. PQM quantifies image quality. Evaluation is 1 to 10 levels, 10 is the highest quality. In the 
experiment, the results of PQM and face and human detector are compared and verified.
　Chapter 5 describes the conclusions, summarizes the study considerations and results. 
　In this study, the proposed method auto-tuning SR parameters using SR modified for image 
enhancement. This study demonstrated the effectiveness of experiments using face and human 
detectors, objective evaluation in PQM, and the methods. From the experimental results on images 
taken under severe photographing conditions, confirmed that the proposed SR parameter auto-tuning 
system is effective. Comparison with the contrast adjustment method showed that the proposed 
method can reduce face detection error. There was also an effect of improving the detection accuracy 
of the detector. The SR method may be applied to various fields using images. The proposed method 
is useful for image processing systems that rely on image enhancement.






































　In recent years, detection and recognition of faces and human bodies have attracted attention as 
to the security system in the security field. If it can be used for early detection of a specific individual 
by using it for entry/exit management systems and in terrorism countermeasures at airports, it can 
be expected to prevent crime beforehand. Therefore, we focused on face detection in this research. 
However, with images taken by security camera, there are cases in which the subject to be detected 
from the image is not easily identifiable due to various severe photographing conditions. In this 
research, Images taken under “severe photographing conditions” can be roughly broken down to dark 
images, images with variant background illumination, backlit images, halation images, and flare/ghost 
images. This image classification is used generally throughout the field of camera photography. 
Conventionally, there is a contrast adjustment as a method for clarifying a detection subjects from an 
image of severe photographing conditions. However, there are cases where images cannot be 
properly enhanced by contrast adjustment, and there are many cases where faces cannot be 
detected. Therefore, this research proposes an image enhancement method using stochastic 
resonance (SR) as a method to clarify the detection target from images with severe photographing 
conditions. The effectiveness of this method is clarified.
　Chapter 1 describes the outline of this research and the conventional research in the introduction.
　Chapter 2 describes the principle of the SR methodology and the experiment of the proposed 
method. SR amplifies the amplitude of the signal by adding appropriate Gaussian white noise to the 
original minute time series signal. This is a phenomenon that detects the hidden signal by increasing 
the probability that the peak exceeds the threshold at the peak. That is, it is intended to detect 
hidden information by adding noise. The proposed method is an image enhancement method using 
SR. Effectiveness is clarified from experiments by face detection. The Lamsal’s face detector is used 
for the experiment. In this chapter, noise and threshold are manually adjusted.
　Chapter 3 describes auto-tuning of the proposed method described in the previous chapter. In SR, 
the noise and threshold to be added are important. However, the difficulty of manual tuning was 
shown from the experiment in the previous chapter. Therefore, this chapter proposes a method of 
auto-tuning SR. In this method, the mean and median are calculated after the original SR processing. 
If the mean and median satisfy the conditions, the SR processing is ended. The experiment uses the 
Lamsal’s face detector and the Viola Jones face detector in OpenCV. The effectiveness of the method 
is clarified.In addition, this chapter is experimenting with a human body detector as a detector other 
than a face. For the experiment, the detector of OpenCV was used. The effectiveness is clarified by 
comparing the proposed method and the contrast adjustment.
　Chapter 4 describes evaluation criteria for applying the proposed method to various things. By the 
third chapter, experiments using detectors showed the effectiveness of SR for image enhancement. 
However, objective evaluation criteria other than detectors are required for applications. Therefore, 
experiments using Perceptual Quality Metric (PQM) are carried out. PQM is an objective evaluation 
metric. PQM quantifies image quality. Evaluation is 1 to 10 levels, 10 is the highest quality. In the 
experiment, the results of PQM and face and human detector are compared and verified.
　Chapter 5 describes the conclusions, summarizes the study considerations and results. 
　In this study, the proposed method auto-tuning SR parameters using SR modified for image 
enhancement. This study demonstrated the effectiveness of experiments using face and human 
detectors, objective evaluation in PQM, and the methods. From the experimental results on images 
taken under severe photographing conditions, confirmed that the proposed SR parameter auto-tuning 
system is effective. Comparison with the contrast adjustment method showed that the proposed 
method can reduce face detection error. There was also an effect of improving the detection accuracy 
of the detector. The SR method may be applied to various fields using images. The proposed method 
is useful for image processing systems that rely on image enhancement.























































































　In recent years, detection and recognition of faces and human bodies have attracted attention as 
to the security system in the security field. If it can be used for early detection of a specific individual 
by using it for entry/exit management systems and in terrorism countermeasures at airports, it can 
be expected to prevent crime beforehand. Therefore, we focused on face detection in this research. 
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Conventionally, there is a contrast adjustment as a method for clarifying a detection subjects from an 
image of severe photographing conditions. However, there are cases where images cannot be 
properly enhanced by contrast adjustment, and there are many cases where faces cannot be 
detected. Therefore, this research proposes an image enhancement method using stochastic 
resonance (SR) as a method to clarify the detection target from images with severe photographing 
conditions. The effectiveness of this method is clarified.
　Chapter 1 describes the outline of this research and the conventional research in the introduction.
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the probability that the peak exceeds the threshold at the peak. That is, it is intended to detect 
hidden information by adding noise. The proposed method is an image enhancement method using 
SR. Effectiveness is clarified from experiments by face detection. The Lamsal’s face detector is used 
for the experiment. In this chapter, noise and threshold are manually adjusted.
　Chapter 3 describes auto-tuning of the proposed method described in the previous chapter. In SR, 
the noise and threshold to be added are important. However, the difficulty of manual tuning was 
shown from the experiment in the previous chapter. Therefore, this chapter proposes a method of 
auto-tuning SR. In this method, the mean and median are calculated after the original SR processing. 
If the mean and median satisfy the conditions, the SR processing is ended. The experiment uses the 
Lamsal’s face detector and the Viola Jones face detector in OpenCV. The effectiveness of the method 
is clarified.In addition, this chapter is experimenting with a human body detector as a detector other 
than a face. For the experiment, the detector of OpenCV was used. The effectiveness is clarified by 
comparing the proposed method and the contrast adjustment.
　Chapter 4 describes evaluation criteria for applying the proposed method to various things. By the 
third chapter, experiments using detectors showed the effectiveness of SR for image enhancement. 
However, objective evaluation criteria other than detectors are required for applications. Therefore, 
experiments using Perceptual Quality Metric (PQM) are carried out. PQM is an objective evaluation 
metric. PQM quantifies image quality. Evaluation is 1 to 10 levels, 10 is the highest quality. In the 
experiment, the results of PQM and face and human detector are compared and verified.
　Chapter 5 describes the conclusions, summarizes the study considerations and results. 
　In this study, the proposed method auto-tuning SR parameters using SR modified for image 
enhancement. This study demonstrated the effectiveness of experiments using face and human 
detectors, objective evaluation in PQM, and the methods. From the experimental results on images 
taken under severe photographing conditions, confirmed that the proposed SR parameter auto-tuning 
system is effective. Comparison with the contrast adjustment method showed that the proposed 
method can reduce face detection error. There was also an effect of improving the detection accuracy 
of the detector. The SR method may be applied to various fields using images. The proposed method 
is useful for image processing systems that rely on image enhancement.
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射（Suspension plasma spray: SPS）や液相前駆体溶射（Solution precursor plasma spray: SPPS）な
どの液相溶射は、微粒子や金属アルコキシドを出発原料に用いるため皮膜の微細組織制御が可能であ
り、機能性皮膜形成技術として電子材料製造プロセスとして研究が進められている。しかしながら































Development of Fabrication Process Using Suspension and Solution Plasma Spray for
 Titanium Oxide Photovoltaic Device
HSIAN SAGR HADI A
　Dye sensitized solar cell (DSSC) is a solar cell using photo-catalytic material as photo-voltaic device. 
Since DSSC can use porous material as photo-voltaic device, various processes can be applied and 
production cost can be very low in comparison with the conventional solar cell. As the photo-catalytic 
material, titanium oxide has been mainly used. As for the deposition process of the titanium oxide 
film, sputtering, CVD, sol-gel method and spray pyrolysis has been practically used. However, these 
processes have some disadvantages such as limitation of substrate dimension due to dimension of 
vacuum chamber and water bath, low deposition rate (in cases of sputtering, CVD and sol-gel method) 
and oxidation and deterioration of substrate due to high substrate temperature during operation (in 
the case of spray pyrolysis). 
　On the other hand, since atmospheric plasma spray (APS) using thermal plasma can activate and 
melt the feedstock material due to high temperature field of the thermal plasma upstream of the 
plasma, low temperature film deposition can be conducted downstream of the plasma with high 
deposition rate. Besides, limitation of the substrate dimension do not need to be taken into account 
because vacuum chamber and water bath are not necessary. Therefore, APS can be used for large 
structure such as bridges and gas turbines. Especially, since atmospheric plasma spray techniques 
using liquid feed stocks such as suspension plasma spray (SPS) and solution precursor plasma spray 
(SPPS) can deposit films with controlling the microstructure of the films, these processes are hoped 
to be processes for functional films. However, sedimentation of the particles in suspension is very 
serious problem in the case of SPS and cool down of the thermal plasma due to high flow rate carrier 
gas in the case of SPPS is also serious problem. These problems have been interrupting the 
application of SPS and SPPS to fabrication processes of photo-voltaic devices of DSSCs.
　In this study, in order to develop fabrication processes of photo-voltaic devices of DSSCs using SPS 
and SPPS, APS equipment using feedstock storage system with ultrasonic vibrator was developed 
and titanium oxide film deposition by the developed APS equipment was carried out. This APS 
equipment can be used as both of SPS and SPPS equipments.
　In chapter 1, background and purpose of this study was explained.
　In chapter 2, experimental procedures were explained.
　In chapter 3, experimental results of titanium oxide film deposition by SPS in the case of feedstock 
storage system without ultrasonic vibrator were explained. It was proved that titanium hydroxide 
suspension created by hydrolysis of titanium tetra iso butoxide (TTIB) was available as the feedstock 
for titanium oxide film deposition and colloidal suspension can be fed by low price air brush instead 
of the conventional expensive suspension feeder.
　In chapter 4, experimental results of titanium oxide film deposition by SPS in the case of feedstock 
storage system with ultrasonic vibrator were explained. By addition of the ultrasonic vibrator, 
sedimentation of the particles in the suspension was dramatically diminished and film deposition rate 
was promoted.
　In chapter 5, experimental results of titanium oxide film deposition by SPPS in the case of feedstock 
storage system without ultrasonic vibrator were explained. By addition of the ultrasonic vibrator, 
carrier gas flow rate could be decreased.
　In chapter 6, the overall results obtained from the current research were summarized and the 
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Development of Fabrication Process Using Suspension and Solution Plasma Spray for
 Titanium Oxide Photovoltaic Device
HSIAN SAGR HADI A
　Dye sensitized solar cell (DSSC) is a solar cell using photo-catalytic material as photo-voltaic device. 
Since DSSC can use porous material as photo-voltaic device, various processes can be applied and 
production cost can be very low in comparison with the conventional solar cell. As the photo-catalytic 
material, titanium oxide has been mainly used. As for the deposition process of the titanium oxide 
film, sputtering, CVD, sol-gel method and spray pyrolysis has been practically used. However, these 
processes have some disadvantages such as limitation of substrate dimension due to dimension of 
vacuum chamber and water bath, low deposition rate (in cases of sputtering, CVD and sol-gel method) 
and oxidation and deterioration of substrate due to high substrate temperature during operation (in 
the case of spray pyrolysis). 
　On the other hand, since atmospheric plasma spray (APS) using thermal plasma can activate and 
melt the feedstock material due to high temperature field of the thermal plasma upstream of the 
plasma, low temperature film deposition can be conducted downstream of the plasma with high 
deposition rate. Besides, limitation of the substrate dimension do not need to be taken into account 
because vacuum chamber and water bath are not necessary. Therefore, APS can be used for large 
structure such as bridges and gas turbines. Especially, since atmospheric plasma spray techniques 
using liquid feed stocks such as suspension plasma spray (SPS) and solution precursor plasma spray 
(SPPS) can deposit films with controlling the microstructure of the films, these processes are hoped 
to be processes for functional films. However, sedimentation of the particles in suspension is very 
serious problem in the case of SPS and cool down of the thermal plasma due to high flow rate carrier 
gas in the case of SPPS is also serious problem. These problems have been interrupting the 
application of SPS and SPPS to fabrication processes of photo-voltaic devices of DSSCs.
　In this study, in order to develop fabrication processes of photo-voltaic devices of DSSCs using SPS 
and SPPS, APS equipment using feedstock storage system with ultrasonic vibrator was developed 
and titanium oxide film deposition by the developed APS equipment was carried out. This APS 
equipment can be used as both of SPS and SPPS equipments.
　In chapter 1, background and purpose of this study was explained.
　In chapter 2, experimental procedures were explained.
　In chapter 3, experimental results of titanium oxide film deposition by SPS in the case of feedstock 
storage system without ultrasonic vibrator were explained. It was proved that titanium hydroxide 
suspension created by hydrolysis of titanium tetra iso butoxide (TTIB) was available as the feedstock 
for titanium oxide film deposition and colloidal suspension can be fed by low price air brush instead 
of the conventional expensive suspension feeder.
　In chapter 4, experimental results of titanium oxide film deposition by SPS in the case of feedstock 
storage system with ultrasonic vibrator were explained. By addition of the ultrasonic vibrator, 
sedimentation of the particles in the suspension was dramatically diminished and film deposition rate 
was promoted.
　In chapter 5, experimental results of titanium oxide film deposition by SPPS in the case of feedstock 
storage system without ultrasonic vibrator were explained. By addition of the ultrasonic vibrator, 
carrier gas flow rate could be decreased.
　In chapter 6, the overall results obtained from the current research were summarized and the 
scope of future work were presented.
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　Dye sensitized solar cell (DSSC) is a solar cell using photo-catalytic material as photo-voltaic device. 
Since DSSC can use porous material as photo-voltaic device, various processes can be applied and 
production cost can be very low in comparison with the conventional solar cell. As the photo-catalytic 
material, titanium oxide has been mainly used. As for the deposition process of the titanium oxide 
film, sputtering, CVD, sol-gel method and spray pyrolysis has been practically used. However, these 
processes have some disadvantages such as limitation of substrate dimension due to dimension of 
vacuum chamber and water bath, low deposition rate (in cases of sputtering, CVD and sol-gel method) 
and oxidation and deterioration of substrate due to high substrate temperature during operation (in 
the case of spray pyrolysis). 
　On the other hand, since atmospheric plasma spray (APS) using thermal plasma can activate and 
melt the feedstock material due to high temperature field of the thermal plasma upstream of the 
plasma, low temperature film deposition can be conducted downstream of the plasma with high 
deposition rate. Besides, limitation of the substrate dimension do not need to be taken into account 
because vacuum chamber and water bath are not necessary. Therefore, APS can be used for large 
structure such as bridges and gas turbines. Especially, since atmospheric plasma spray techniques 
using liquid feed stocks such as suspension plasma spray (SPS) and solution precursor plasma spray 
(SPPS) can deposit films with controlling the microstructure of the films, these processes are hoped 
to be processes for functional films. However, sedimentation of the particles in suspension is very 
serious problem in the case of SPS and cool down of the thermal plasma due to high flow rate carrier 
gas in the case of SPPS is also serious problem. These problems have been interrupting the 
application of SPS and SPPS to fabrication processes of photo-voltaic devices of DSSCs.
　In this study, in order to develop fabrication processes of photo-voltaic devices of DSSCs using SPS 
and SPPS, APS equipment using feedstock storage system with ultrasonic vibrator was developed 
and titanium oxide film deposition by the developed APS equipment was carried out. This APS 
equipment can be used as both of SPS and SPPS equipments.
　In chapter 1, background and purpose of this study was explained.
　In chapter 2, experimental procedures were explained.
　In chapter 3, experimental results of titanium oxide film deposition by SPS in the case of feedstock 
storage system without ultrasonic vibrator were explained. It was proved that titanium hydroxide 
suspension created by hydrolysis of titanium tetra iso butoxide (TTIB) was available as the feedstock 
for titanium oxide film deposition and colloidal suspension can be fed by low price air brush instead 
of the conventional expensive suspension feeder.
　In chapter 4, experimental results of titanium oxide film deposition by SPS in the case of feedstock 
storage system with ultrasonic vibrator were explained. By addition of the ultrasonic vibrator, 
sedimentation of the particles in the suspension was dramatically diminished and film deposition rate 
was promoted.
　In chapter 5, experimental results of titanium oxide film deposition by SPPS in the case of feedstock 
storage system without ultrasonic vibrator were explained. By addition of the ultrasonic vibrator, 
carrier gas flow rate could be decreased.
　In chapter 6, the overall results obtained from the current research were summarized and the 
scope of future work were presented.
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